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(54) Silicone composition, nnethod for the preparation thereof and silicone elastomer 



(57) A silicone composition comprising (A) 100 
parts by weight of a polydiorganosiioxane containing an 
average of at least two silicon-bonded alkenyi groups 
per molecule; (B) 75 to 150 parts by weigfit of an orga- 
nopdysiloxane resin having a number-average molecu- 
lar weight of from 2.000 to 5,000 and comprising 
R^gR^SiOi/z units and 8104^ units wherein each R^ is 
independently selected from monovalent hydrocaibon 
and monovalent halogenated hydrocaibon groups free 
of aliphatic unsakiration, R* Is selected from R^ and 
alkenyi. the mote ratio of R^gR^SIGia units to SiO«2 
units is from 0.6:1 to 1.1:1. and the resin contains an 
average of from 2.5 to 7.5 mole percent of alkenyi 
groups; (C) an organohydrogenpolysiknane having an 
average of at least three silicon-bonded hydrogen 
atoms per molecule in an amount to provide from one to 
three silicon-bonded hydrogen atoms per alkenyi group 
in components (A) and (B) combined; (D) an adhesnn 
promoter in an amount to effect adheskxi of the compo- 
sttion to a subetrate; and (E) a hydrosiiyiation catalyst in 

^ an amount to cure the compositkxi. 
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Description 

[0001 ] The present invention relates to a silicone composition and more particularly to an addition-curable silicone 
conposition containing a critical concentration of an organopolysiloxane resin having a defined molecular weight. This 
5 invention also relates to a method for the preparation of this composition and to a silicone elastomer produced there- 
from. 

[0002] Silicones are widely employed in the electrical and electronics industries due to their unique properties, 
which Include low alpha particle emissions, very good moisture resistance, excellent electrical insulation, excellent ther- 
mal stability and very high ionic purity in particular, silicone encapsulants are used to improve the reliability of electronic 
10 devices by providing protection against environmental moisture, UV radiation, ozone and weathering. Moreover, recent 
advances in semiconductor packaging, namely, the development of chip scale or chip size packages, have created a 
critical demand for high performance silicone encapsulants. 

[0003] Curable silicone compositions comprising a polydimethysiloxane polymer and an organopolysiloxane resin 
are well known in the art. These compositions typically employ up to 50 parts by weight of resin per 1 00 parts by weight 
IS of polymer. Furthermore, several cure systems are recognized, including hydrosilylation, peroxide, moisture, conden- 
sation and radiation. 

[0004] However, silicone elastomers produced from such compositions typkally exhibit several fold inweases in 
coefficient of thermal expansion and modulus in the temperature range corresponding to the amorphous-crystalline 
phase transition, typically from -50 to -40»C., rendering them unsuitable fbr use as encapsulants in chip scale packages 

20 at very low temperatures. As the amorphous-crystalline transition is traversed during thermal cycling, stresses develop 
in the chip scale package due to thermal expansion and contraction of the silicone encapsulant and the difference in 
coefficients of thermal expansion between the substrate and silicon die. Thermally-induced stresses can damage criti- 
cal conponents of a semiconductor package, including solder joints and lead wires, resulting in poor reliability. 
[0005] Inorganic fillers such as silica and alumina are typically added to silicone compositions to reduce the coeffi- 

25 cient of thermal expansion of cured products. Such filers have very low coefficients of themial expansion compared to 
a silicone elastomer and thus produce an overall reduction in thermal expansion of the elastomer. However, filers also 
increase the viscosity of a silicone composition and, consequently, often reduce processability. 
[0006] Vartous approaches to controlling the moduli of silicone coirpositlons have been reported in the literature. 
For exanple, nonfunctional sllkxme oils have been empk)yed to regulate the moduli of elastomers produced from cur- 

30 able silicone compositions. Unfortunately, silicone oils have a tendency to undergo post cure migration, causing shrink- 
age of the composition and contamination of surrounding materials. 

[0007] Reactive silicone oils have also been used in silicone compositions to lower the modulus of a cured silicone 
rubber. For example, U.S. Patent 5,216,104 discloses an addition-type curable silicone rubber composition comprising 
(A) an organopolysiloxane containing at least two alkenyl groups per molecule, (B) an organopolysiloxane containing 

35 an average of one alkenyl group per molecule, (C) an organohydrogenpolysiloxane containing at least two silicon- 
bonded hydrogen atoms per molecule, (D) a platinum catalyst, and opttonally an organopolysiloxane resin. The '104 
patent teaches that the silicone rubber composition can gwe a k>w modulus silicone rubber by curing which neither con- 
taminates the material in contact therewith nor deforms owing to shrinkage, without hindering the adhesion of the com- 
position during its curing stage. Urtike the '104 patent, the present invention does not require an organopolyslkscane 

40 containing an average of one alkenyl group per molecula Alsft the '104 patent does not teach the molecular weight lim- 
itations on the organopolysiloxane resin, resin to polymer ratio and adhesion promoter of the present invention. 
[0008] Organopolysiloxane resins have also been used in silicone compositions to regulate the moduli of cured 
materials. For example, U.S. Patent 5,705,587 teaches a room temperature-curable silicone elastomer composition 
comprising (A) a diorganopolysiloxane composed of (a) a sitanol-endbk)cked diorganopolysiloxane and (b) a diorgano- 

45 polysiloxane that is endWocked at one molecular chain terminal by siland and at the other terminal by trialkylsiloxy; (B) 
an alkoxy functional silane; (C) an organopolysiloxane resin; (D) a curing catalyst; and (E) a diorganopolysiloxane con- 
taining at least two catboxyl groups. The '587 patent also teaches that the aforementioned composition has an excellent 
pre-cure workability and cures Into a low-modulus, high-elongation silicone elastomer. Howwer, the '587 patent does 
not teach the pdydiorganosiloxane polymer, organopolysiloxane resin, resin to polymer ratio, organohydrogenpolysi- 

50 iQxane and hydrosilylation catalyst of the present invantkxi. 

[0009] U.S. Patent 5,373,078 discloses curable organositoxane compositions comprising a liquid polyorganosi- 
loxane having an average of at least two alkenyl j^oups per molecule, (B) a Ifciuid organohydrogenpolysiloxane having 
at least three silicon-bonded hydrogen atoms per molecule, (C) a hydrosilylation catalyst, and (D) a liquid MQ organosi- 
loxane resin. The '078 patent also teaches that the liquid MQ resin reduces the viscosity of the curable compositions 

55 and the nwduli of cured elastomers prepared from the compositions without any substantial adverse affect on the phys- 
ical properties of the cured elastomers. However, the "078 patent does not teach the organopolysiloxane resin, resin to 
polymer ratio and adhesion promoter of the present inventkm. 

[0010] EP 0767216 discloses moisture-cure and addition-cure silicone resin/fluid alfoy compositions that exhibit 
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high strength and coughness over a predetermined service temperature range comprising (A) an organosilicone resin, 
(B) a predominately linear silicone fluid, and (C) a predetermined quantity of a crossllnl«r having at least three func- 
tional groups per molecule. The EP 0767216 patent teaches that the crosslinked product of (A) and (B), when free of 
an inorganic filler, exhibit a shear loss modulus (G") greater than or equal to 10^ Pa and a loss tangent greater than or 

5 equal to 0. 1 0. However, the EP076721 6 application further disdoses that such compositions have utility in the manu- 
facture of molded and extruded articles and, therefore, does not teach the adhesion promoter of the present invention. 
[001 1 1 U.S. Patent 5.756.598 discloses an organosiloxane composition curatile to a silicone elastomer comprising 
(A) a polydiorganosiloxane having an average of at least two silicon-bonded alkenyl groups per molecule; (B) an orga- 
nohydrogensiloxane having an average of at least two silicon-bonded hydrogen atoms per molecule; (C) a platinum 

w group catalyst, and (D) a resinous aganoslloxane copolymer having an average of at least two alkenyl groups per mol- 
ecule. The '598 patent also teaches that the aforementioned composition is curable to a silicone elastomer having 
improved weep properties. However, the '598 patent does not teach the resin to polymer ratio of the present invention. 
[001 2] The present inventors have discovered that a silicone composition comprising a critical concentration of an 
organopolysiloxane resin having a number-average molecular weight within a specified range cures to form an elas- 

15 tomer having excellent adhesion to a variety of substrates and a very low coefficient of thermal expansion and storage 
modulus over a wide temperature range. 

[0013] The present invention is directed to a silicone composition comprising: 

(A) 100 parts by weight of a polydiorganosiloxane containing an average of at least two silicon-bonded alkenyl 
20 groups per molecule; 

(B) 75 to 150 parts by weight of an organopolysiloxane resin having a number-average molecular weight of from 
2.000 to 5,000 and comprising R^aR^SiOi/a siloxane units and Si04/2 siloxane units wherein each is independ- 
ently selected from monovalent hydrocarbon and monovalent halogenated hydrocarbon groups free of aliphatic 
unsaturation, is selected from R^ and alkenyl groups, the mole ratio of R^2F<^SiOi/2 units to units is from 

2S 0.6:1 to 1.1:1. and the resin contains an average of from 2.5 to 7.5 mole percent of alkenyl groups; 

(C) an organohydrogenpolysitoxane having an average of at least three silicon-bonded hydrogen atoms per mole- 
cule in an amount to provide firom one to three silicon-bonded hydrogen atoms per alkenyl group in components (A) 
and (B) combined; 

(D) an adhesion promoter in an amount to effect adhesion of the composition to a substrate; and 
30 (E) a hydrosilylation catalyst in an amount to cure the composition. 

[001 4] The present invention is also directed to a silicone elastomer comprising a reaction product of the composi- 
tion desaibed above. 

[0015] The present invention is further directed to a multi-part silicone composition comprising components (A) 
35 through (E) specified above, with the proviso that neither the polydiorganosik)xane nor the organopolysiloxane resin are 
present with the organohydrogenpolysiloxane and the hydrosilylation catalyst in the same part. 
[001 6] A method for preparing the silicone composition of tNs invention comprises the steps of mixing components 
(A) through (E). 

[001 7] The invention is still further directed to a chip scale package comprising a semiconductor chip, a supporting 
40 substrate, at least one member that connects the semiconductor chip to the substrate and the silicone composition 
described above. 

[0018] The silicone composition of the present invention possesses the rheological properties required for a 
number of applications. For example the composition of the instant inventkxi exhibits rapid flow around and/or under a 
silicon chip or die and is particularly suitable for use in high throughput encapsulation processes. In particular, the vis- 

45 cosity of the composition is sufficiently low to ensure rapid and complete filling of the semiconductor device and to allow 
escape of entrapped air bubbles. It is not necessary to dilute the composition of the present Inventton with an organic 
solvent to achieve a workable viscosity. Consequently, the present solventless composition avoids the health and envi- 
ronmental hazards associated with solvent-borne silicones. Furthermore, during curing, the solventless composition 
typically undergoes less shrinlege than solvent-borne silicone compositions. 

50 [0019] The cued silicone compositnn of the present invention also displ^ excellent adheskm to a 

materials, including those commonly employed in chip scale packages, such as metals, glass, silicon, silicon dioxide, 
ceramics, rubbers and plastics. In particular, the cured compositkm has excellent adhesion to flexible support materials 
used in chip scale packages, particularly pdyimidetape. 

[0020] Moreover, the silkxme compositnn of the present invention cures to fomi an elastomer having excellent ther- 
55 maJ stability and flexibility in the temperature range from -65 to 150*C. as evidenced by low thermal expanston and low 
modulus. In particular, the cured compositton of the present invention has a coefficient of thermal expanston typically 
less than 300 |un/hi*C. in the temperature range from -50 to -40*C. Also, the ratk) of the storage modulus at -65*0. to 
the storage modulus at 20°C. is typically less than 5. As a consequence of low thermal expansion and low modulus, the 
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elastomer of the instant invention ediibits minimal dimensional change and excellent flexibility at low temperatures. The 
flexible silicone elastomer relieves thermally induced stress on delicate leads and solder connections in a semiconduc- 
tOT package due to a difference in the coefficients of thermal expansion between the silicon die and substrate. 
[0021] Additionally, the present silicone composition has high radiological purity Don alpha particle emissions) 
5 required for RAM applications; low levels of ionic impurities (e.g.. sodium, potassium, chloride); and ewsellent electrical 
properties such as a low dielectric constant and dissipation factor "Oie composition of the present invention is particu- 
larly useful as an encapsulant in cWp scale or chip size semiconductor packages. 

[0022] Component (A) of the present invention is a polydiorganositoxane containing an average of at least two sili- 
con-bonded alkenyl groups per molecule. Suitable altenyl groups contain from 2 to 6 caibon atoms and are exemplified 

10 by. but not limited to vinyl, allyl and he»nyl. The alkenyl groups in component (A) msy be located at terminal, pendant, 
or both terminal and pendant positions. The remaining silicon-bonded organk: groups in component (A) are independ- 
ently selected from monovalent hydrocarbon and monovalent hatogenated hydrocarbon groups free of aliphatic unsatu- 
ration. These groups typically contain from 1 to 8 carbon atoms, preferably from 1 to 4 carbon atoms, and are 
exemplified by, but not limited to alkyi such as methyl, ethyl, propyl and butyl; aryl such as phenyl; and halogenated aikyi 

IS such as 3,3,3-trif luoropropyl. Typically, at least 50 percent of the organk: groups in component (A) are methyl. 

[0023] The structure of component (A) is typically linear, however it may contain some branching due to the pres- 
ence of trifunctional siloxane units. The viscosity of component (A) at 25*C., wWch varies with molecular weight and 
structure, is typically from 0.5 to 1 00 Pa • s, preferably f rom 1 to 50 Pa • s. and m«e preferably from 2 to 30 Pa • s. 
[0024] Preferably, component (A) is a polydiorganosiloxane having the general formula 

20 R2Ri2SiO(Ri2SiO)nSiR^2R2 wherein each R^ Is independently selected from monovalent hydrocarbon and monovalent 
halogenated hydrocarbon groups free of aliphatfc unsaturation, as defined above; R^ is altenyl, as defined above; and 
n has a value such that the viscosity of component (A) at 25*C. is in one of the ranges cited above. Preferably, R^ is 
methyl and is vinyl. 

[0025] Component (A) can comprise a single pdydiaganosiloxane or a mixture of two or more pdydiorganosi- 
25 loxanes having different viscosities. For example, component (A) can comprise a mixture of a first polydiorganosiloxane 
having a viscosity of from 40 to 100 Pa • s at 25''C. and a second pdydtorganosiloxane having a viscosity of from 1 to 
1 0 Pa • s at 25''C. In a preferred embodiment, component (A) comprises a first pdydiaganosiloxane having a viscosity 
of from 45 to 65 Pa • s at 25'C., and 10 to 50 percent preferably 25 to 35 percent by weight, of a pdydtorganositaxane 
having a viscosity of from 1.8 to 2.4 Pa* s at 25'C. In this embodiment the lower viscosity polydtorganosikwane 
30 improves both the flow of the IkiukJ composition and the solvent resistance of the cured silicone product. 

[0026] Specific examples of polydiorganosiloxanes useful in the present invention include, but are not limited to, the 
following: ViMe2SiO(Me2SiO)„Sih(1e2Vi, ViMe2SiO(Me2SiO)o.92n(MePhSiO)o.o8nSiMe2Vi, 

ViMe2SiO(l\/le2SiO)o 98n(MeViSiO)o 02nSiMe2Vi, ViMePhSiO(Me2SiO)o.92n(MePhSiO)o.o8nSiMePhVi, 
Me3SiO(Me2SiO)o.95n(MeViSiO)o.o5nSiMe3, PhMeViSiO(Me2SiO)nSiPhMeVi, and others, where Me, Vi and Ph denote 
35 methyl, vinyl and phenyl respectively and n is as defined above. Preferred polydiorganosiloxanes are dimethylvinylsi- 
loxy-terminated pdydimethylsiloxanes. 

[0027] Methods for preparing component (A) of the present oompositk)n. such as hydrolysis and condensation of 

the caresponding halosilanes or equilibration of cyclk: polydiorganosiloxanes, are well known in the art. 

[0028] Component (B) of the present Invention is an organopolysikscane resin consisting essentially of R^gR^SiOis 

40 Siloxane units and Si04a siksiane units wherein each R^ is independently selected from monovalent hydrocarbon and 
monovalent halogenated hydrocarbon groups free of aliphatfc unsaturatkxi. and R* is selected from R^ and alkenyl. The 
monovalent hydrocarbon and monovalent halogenated hydrocarbon groups tree of aliphatfc unsaturation and alkenyl 
groups in component (B) are identical to those defined above fa component (A). Typically at least 50 percent, and pref- 
erably all of the groups are methyl. The preferred alkenyl group for R* is vinyl. 

45 [0029] The mole ratio of R^2R^SiOi/2 units to SO^a units is from 0.6 to 1 .1 . and prderaUy from 0.9 to 1 .1 . as deter- 
mined by 29Si nuclear magnetic resonance PSiNMR) spectrometry. The WQ ratio represents the total number of M 
units to the total number of Q units in component (B) and includes contributfcns from any neopentamer present, 
described below. 

[0030] Component (B) contains HOSiOac units (TOH units), which account for the silicon-bonded hydroxyl content 
so of the aganopolysiloxane resin. The silicon-bonded hydroxyl content of component (B), as determined by ^^SiNMR 
spectrometry, is typically less than 2 percent by weight and preferably less than 1 percent by weight, based on the total 
weight of the resin. 

[0031 ] Component (B) contains from 2.5 to 7.5 mole pacent. and more preferably from 4.0 to 6.5 mole percent of 
alkenyl gfoups. The mole percent of allonyl groups in the resin is defined here as the ratio of the number of moles of 
55 alkenyl-containing sifcxane units in the resin to the total number of moles of siloxane units in the resin, multiplied by 1 00. 
The total number of moles of silcocane units in the resin includes the M, Q and TOH unitB described above. When the 
alkenyl content of the resin is less than 2.5 mole percent the cured composition becomes soft and tacky and the ratfc 
of the storage modulus at -65°C. to the storage modulus at 20<>C. increases. When the alkenyl content of the resin is 
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greater than 7.5 mole percent, the cured composition becomes hard and brittle, as evidenced by an increase in storage 
modulus, G'. 

[0032] Component (B) can comprise a single organopdysiloxane resin or a mixture of two or more organopolysi- 
loxane resins. For example, component (B) can comprise a mixture of a first resin containing 6.0 mole percent of vinyl 

5 groups and 50 percent by weight of a resin free of vinyl groups. Such organopolysiloxane would contain an average of 
3.0 mole percent of vinyl groups, thus meeting the required alkenyl content for component (A). 
[0033] Convx)nent (B) can also contain a small amount of a low molecular weight material comprised substantially 
of a neopentamer aganopolysiloxane having the fbrnula (R3SiO)4SI. the latter material being a byproduct In the prep- 
aration of the resin according to the method of Daudt et al., described infra. Additionally, component (B) may contain 

10 minor amounts of diorganosiloxane. 

[0034] Component (B) has a number-average molecular weight (Mp) of from 2,000 to 5,000, preferably from 2,000 
to 4,000, and more preferably from 2,000 to 3,000 when measured by gel permeation chromatography (GPC), the neo- 
pentamer peak being excluded from the measurement. In this molecular weight determination, narrow fractions of MQ 
resins are used to calibrate the GPC equipment, the absolute molecular weights of the fractions being first ascertained 

15 by a technique such as vapor phase osmometry. 

[0035] A prefen-ed organopolysitoxane resin has a number-average molecular weight of 2,500 and comprises 
(CH3)2GH2-CHSiOi/2 siloxane units, (CH3)3SiOi/2 sikncane units, and Si04/2 sitoxane units, wherein the mole ratio of 
the combination of (CH3)2CH2>>CHSiOi/2 units and (CH3)3SiOi/2 units to SiO^z units is 1 .0, and the resin contains 6.0 
mole percent of vinyl groups. 

20 [0036] The concentration of component (B) in the composition of the present invention is aitical with respect to the 
pre-cure viscosity and the properties achieved following curing, particularly themial expansion and modulus. The con- 
centration of component (B) is from 75 to 150 parts by weight and preferably from 90 to 125 parts by weight per 100 
parts by weight of component (A). When the concentration of component (B) is less than 75 parts by weight, the coef- 
ficient of thermal expansion in the range from -50 to ■40''C. and the storage nradulus of the silicone elastomer at -65°C. 

25 increase significantly relative to their values at 20*C. At ooncenlrations greater than 150 parts by weight, the viscosity 
of the uncured composition increases to the extent that it does not fkw at a rate useful for commercial encapsulation 
processes. 

[0037] Component (B) of the present invention can be prepared by treating a resin copolymer produced by the silica 
hydrosol capping process of US. Patent 2,676.182, as modified by US. Patent 3,627,851 and US. Patent 3.772,247, 

30 with an alkenyl-containing endUocking agent. 

[0038] Briefly stated, the modified method of Daudt et al. used to prepare the aganopolysiloxane resin of the 
present invention comprises limiting the concentration of the sodium silicate solution and/w the silkx)n-to-sodium ratio 
in the sodium silicate and/or the time before capping the neuti-alized sodium silicate solution to generally k)wer values 
than those disclosed by Daudt et al. in order to prevent excessive growth of the silica particles and to obtain an organ- 

35 opolysiloxane having the preferred Mp. Thus, the prefered silicate concentration is generally limited to a value of 40 to 
1 20, preferably 60 to 1 00, and most preferatily 75 grams/liter. The neutralized silica hydrosol is preferably stabilized with 
an alcohol, such as isopropanol and capped with (CH3)3SiOi/2 siloxane units as soon as possible, preferably within 30 
seconds after being neutralized. The sodium silk»te eiriployed preferably has the formula NagO • xSiOg. wherein x has 
a value of from 2 to 3.5. The resulting copolymers contain from 2 Id 3 percent by weight of hydrQxyl groips. 

40 [0039] The resin of the present invention, which contains less than 2 percent by weight of silicon-bonded hydroxyl 
groups, can be prepared by reacting the product of the modified method of Daudt et al. with an alkenyl-containing sila- 
zane, siloxane or silane in an amount to provide from 2.5 to 7.5 mole percent of alkenyl groups in the final product. Alke- 
nyl-containing endblocking agents are known in the art and exemplified in US. Patents 4,584,355. 4,591.622 and 

4,585,836. 

45 [0040] It will be understood that as the viscosity of component (A) increases in the range from 5 to 1 00 Pa • s, it may 
be necessary to decrease the concentration of the organopolysiloxane resin within the above-stated range to obtain a 
processable composition. Also, as the alkenyl content of the organopolysiloxane resin increases in tiie range from 2.5 
to 7.5 mole percent, it may be necessary to reduce the concentration of the resin to obtain a silicone elastomer having 
satisfactory adhesion. 

50 [0041] Component (C) of the present invention is an organohydrogenpolysiksane having an average of at least 
three silicon-bonded hydrogen atoms per molecule and an average of no more than one silicon-bonded hydrogen atom 
per silicon atom. The siltoon-bonded hydrogen atoms can be kxated at terminal, pendant, or at both terminal and pen- 
dant positions in the wganohydrogenpolysiloxane. Component (C) can be a homopolymer or a copolymer. The struc- 
ture of the organohydrogenpolysikixane can be linear, branched or cyclic. The siloxane units present in component (C) 

55 may include HR^gSiOia. R'aSiOic HR^SiOzc. R^zSiOzc, HSiOac. R^SiOa/z and Si04/2 units. In the preceding formu- 
lae each R^ is independenUy selected from monovalent hydrocartxxi and monovalent halogenated hydrocaitxin groups 
free of aliphatic unsaturation. as defined previously for component (A). Typically at least 50 percent, and more prefera- 
bly substantially all of the organic groups in component (C) are methyl. Component (C) can be a single organohydro- 
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genpdysiloxane or a mixture of two or more dHfererrt organohydrogenpolysiloxaneB. 

[0042] A preferred organohydrogenpolysiloxane comprises (i) a trimrthylsiloxy-terninated dimethylslloxanemethyl- 
hydrogensiloxane having an average of five methylhydrogensiloxane units and three dimethylsiloxane units per mole- 
cule and a silicon-bonded hydrogen atom content of 0.7 to 0.8 percent by weigM and (n) 1 0.4 percent by weight, based 
5 on the total weight of the conponent (C). of a trimethylsiloxy-terminated polymethylhydrogensiloxane having a silicon- 
bonded hydrogen content of 1 .4 to 1 .75 percent by weight and a viscosity of 0.02 to 0.04 Pa • s. 
[0043] The concentration ct component (C) in the composition of the present invention provides from one to three 
silicon-bonded hydrogen atoms per aUonyt group in oomponents (A) and (B) combined. 

[00441 Otganohydfogenpolysiloxanes which are suitable for use in the composition of the present invention and 
10 methods for their preparation are wen igiown in the art. 

[0045] To ensure conpatibility of components (A). (B). and (C). described supra, the predominant organic group in 
each component is preferably the same. Preferably this group is methyl. 

[0046] Conponent (D) of the present invention is an adhesion promoter that effecis strong unprimed adhesion of 
the silicone composftion to substrates commonly employed in the construction of electronic devices; for example, sili- 

15 con; passivation coatings, such as silicon dioxide and silicon nitride; glass; metals, such as copper and gold; ceramics; 
and organic resins, such as polyimide. Component (D) can be any adhesion promoter typically employed in silicone 
compositions, provided it is soluble in the present composition and does not adversely affect the physical properties of 
the cured product, particularly the coefficient of thermal expansion and the storage modulus. Component (D) can be a 
single adhesion promoter at a mixture of two or more different adhesion promoters. 

20 [0047] The concentration of component (D) in the composition of the present invention can vary over a wide range 
depending on the nature of the adhesion promoter and substrate material. Preferably, the concentration of component 
(D) is in an amount to achieve at least a 50% increase in the peel adhesion of the cured composition on polyimide rel- 
ative to the peel adhesion of the same composition without the adhesion promoter. Generally, the adhesion promoter 
conprises from 0.01 to 10 percent by weight of the present composition. However, the optimum concentration of com- 

25 ponent (D) can be readily determined by routine experimentation. 

[0048] Preferred adhesion promoters according to the present invention include, but are not limited to. adhesion 
promoters comprising (i) a polysiloxane having an average of at least one silicon-bonded alkenyl groip and an average 
of at least one silicon-bonded hydroxyl group per molecule and (ii) an epoxy-containing alkoxysilane. Polysiloxane 0) 
has an average of less than 1 5 silicon atoms and preferably from 3 to 15 silicon atoms per molecule. The silicon-bonded 

30 organic groups in component fi) are independently selected from monovalent alkyi groups having less than 7 carbon 
atoms, phenyl and alkenyl having 2 to 6 carbon atoms. Suitable monovalent alkyI groups are exemplified by methyl, 
ethyl, propyl and butyl. Preferably, the monovalent alkyI group is methyl. Examples of alkenyl groups include vinyl, allyl, 
2-propenyl and S-hexenyl. Preferably, the alkenyl group is vinyl. 

[0049] The silicon-bonded hydrcwyl and 8ilk»n-bonded alkenyl groups in polysiloxane (i) can be located at terminal. 
35 pendant, or at both terminal and pendant positions in the polysiloxane. Polysiloxane (i) can be a homopolymer or a 

copolymer The structure of the polysiloxane can be linear, branched or cyclic. The siloxane units in component (i) may 

include CHa-CHSiOis, CeHgSiOig. HOSiOij. R«(CH2-CH)SiO, R6(HO)SiOi.5. R^CeHgjSiO. (C|H)2SiO. 

(C6H5)(CH2-CH)SiO. (CgHjOCHOjSiO. (CH2-CH)(HO)SiO. (HOR^jSiOcs. (GH2-CH)R62SiOo.5. 

(HO)(CH2-CH)R«SiOo.5 and (HOKC6H5)R«SiOo.5. where R« is a monovalent all^ group having less than 7 carbon 
40 atoms as defined above. Polysiloxane (i) can be a single polysikjxane or a mixture of two a more ePfferent pdysi- 

loxanes. Preferably, polysiloxane (0 is a hydroxyl-terminated polydnrganosikncane. wherein the diorganosiloxane units 

are methylvinylsiloxane and dimethylsitoxane units. Such polysikwanes and methods for their preparation are well 

known in the art. 

[0050] Epoxy-containing alkoxysilane (ii) contains at least one epoxy-containing organk: group and at least one sil- 
45 icon-bonded alkoxy group. The alkoxy groups in epoxy<ontaining alkoxysilane 01) typkally have lass than 5 carbon 
atoms and are exemplified by methoxy. ethoxy, propoxy and butoxy. Methoxy is a preferred alkoxy group. Preferably, the 
epoxy-containing organk: group has the fonnula 



50 




or 
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Y,CH27,CH,.hYhR7^ . 



wherein each Y is independenfly an alky! group having 1 or 2 cartxm atoms; a is 0, 1 , or 2; b and c are each 0 or 1 ; and 
is a divalent hydrocartwn group having no more than 12 cactx)n atoms. Preferatily, is selected from a saturated 
aliphatic hydrocartnn group, an arylene groups and a divalent group having the formula -R^(OR^dOR^- wherein is 
a divalent saturated aliphatic hydrocartx)n group having 2 to 6 cartxn atoms and d has a value of from 0 to 8. 
[0051] The remaining silicon-bonded organic groups in the epoxy-containing alkoxysilane are independently 
selected from monovalent hydrocarbon groups having less than 7 carbon atoms and monovalent fluorinated all<yl 
groups having less than 7 cartx)n atoms. The monovalent hydrocarbon groif>s are exemplified by alkyi, such as methyl, 
ethyl, propyl, hexyl; alkenyl, such as vinyl; and aryl, such as phenyl. Examples of suitable fluorinated alky! groups 
include perfluoroaikyi, such as 3,3,3-trifhJoropropyl, p-(perfluaoethyl)ethyl and p-(perfluoropropyi)ethyl. 
[0052] The structure of epoxy-containing alkoxysilane (ii) can be linear, branched or cyclic. Silane (ii) can be a sin- 
gle silane or a mixture of two or more different silanes. Preferably, epoxy-contaiinng alkoxysilane (ii) is a mono(epoxy- 
organo)trialkoxysilane. A particularly preferred epoxy-containing alkoxysilane is glyddoxypropyltrlmethoxysilane. 
Methods for the preparation of such silanes are well known in the art. 

[0053] The two components of the aforementtoned adhesion promoter can be either added separately or as a blend 
to the composition of the present inventkxi. Such composittons also typically contain up to 10 percent by weight of at 
least one reaction product of the hydroxy-containing pdysitoxane and the alkoxysilane, which is nornmlly fbrmed during 
storage under ambient condittons. 

[0054] A specific eoomple of a prefeaed adhesion promoter according to the present invention Is a blend compris- 
ing 43.5 percent by weight of a hydroxyl-terminated polymethyMnylsikixane containing 2.25 to 4 percent by weight of 
silicon-bonded hydroKyI groups and 27.5 percent by weight of vinyl groups. 50 percent by weight of giyckkixypropyltri- 
methoxysilane, and 6.5 percent by weight of a reaction product of the hydroxyl-terminated polymethylvinylsikscane and 
glycidoxypropyltrimethaxysilane. Adhesion promoters are disdoeed in U.S. Patent 4,087,585. 
[OOSS] Preferred adhesion promoters according to the present inventkxi also include organosilicon compounds 
having the average fornwla: 



wherein R^ is a monovalent hydrocarbon group free of aliphatic unsaturation, R^° is alkenyl, x has a value of from 0 
tolO, y has a value of from 0 to 10, z has a value of 0 to 10, the sum y -I- z is at least 1 , and P has the fonnula: 



wherein ^ is a divalent organic group. Suitable R^ groups generally contain from 1 to 6 cartwn atoms and are exem- 
plified by methyl, ethyl, propyl and butyl. Preferably, R^ is methyl. The R^° groups typically have from 2 to 6 carbon 
atoms and include vinyl, allyl, 1-propenyl and isopropenyl. Preferably, R^° is vinyl. Examples of R^^ groups include 
methylene, ethylene, propylene, phenylene, chkxoethylene, fluoroetfiyfene. -CHzOCHsCHzCHs-. -CH2CH2OCH2CH2-, 
-CH2CH20CH(CH3)CH2- and -CHzOCHsCHzOCHzCHj-. Preferably. R^^ is -CHzOCHzCKIzCHz-. The preceding class 
of adheskxi promoters, inter alia, is exemplified in U.S. Patent 4.082.726. Methods for the preparation of these organo- 
silicon compounds from hydroxy-terminated diorganositaxanes and epoxy-containing alkoxysilanes are well known in 
the art 

[0056] Specif k; examples of such preferred adhesfon promoters according to the present inventton are 




HjC-^CHR" 
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OMe Me Me OMe OMe Me QMe 



-SiO-(iiO)r(iiO)-^iO-P P-SiO-(|iO)r$iO-P 
6Me Me Vi OMe OMe Vi OMe 



and mixtures thereof, wlierein P is 



H2C-CHCH2OCH2CH2CH2- 
0 



[0057] Component (E) of tfie present Invention is a hydrosilylation catalyst comprising a platinum group metal or a 
w compound containing such a melal that promotes the addition reaction of conponents and (B) with component (C). 
These metals include platinum, rhodium, ruthenium, palladium, osmium and iridium. Platinum and platinum compounds 
are preferred based on the high activity level of these catalysts in hydrosilylation reactions. A preferred class of platinum 
catalysts are the complexes of chloroplatinic add with certain vinyl-containing organosiloxane compounds disclosed by 
Willing in U.S. Patent 3.41 9.593. A particularly preferred catalyst of this type is the reaction product of chloroplatinic acid 
25 and 1 .3-diethenyl-1 ,1 ,3,3-tetramethyldisiloxane. 

[0058] The hydrosilylation catalyst is present in an amourrt sufficient to cure the composition of the present inven- 
tion. Typically, the concentration of component (E) is enough to provide from 0. 1 to 1000, preferably from 1 to 500, and 
more preferably from 1 to 50 parts by weight of a platinum group metal, per one million parts by weight of the combined 
weight of components (B) and (C). The rate of cure is very slow below 0.1 ppm of platinum gmup metal. The use 
30 of more than 1 000 ppm of platinum group metal results in no appreciable Increase in cure rate and is therefore uneco- 
nomical. 

[0059] Mixtures of the components (A), (B), (C), (D) and (E) may begin to cure at ambient temperature. To obtain a 
longer working time or "pot life", the activity of the catalyst under ambient conditions can be retarded or suppressed by 
the addition of a suitable inhibitor to the composition of the present Invention. A platinum catalyst inhibitor retards curing 

35 of the present composition at ambient temperature, but does not prevent the composition from curing at elevated tem- 
peratures. In order to be effective in this invention, the platinum catalyst inhi)itor must be soluble in the composition. 
Suitable platinum catalyst inhibitors include various "ene-yne' systems such as 3-methyl-3-penten-1 -yne and 3,5<lime- 
thyl-3-hexen-1-yne; acetytenic alcohols such as 3,&dimethyl-1-hexyn-3-ol, l-ethynyl-l-cydoheKanol and 2-phenyl-3- 
butyn-2-ol; maleates and fumarates, such as the well known dialkyi, dialkenyl, and dialkoxyalkyi fumarates and 

40 maleates; cydovinylsiloxanes; and benzyl alcohol. 

[0060] Acetylenic akx)hols constitute a preferred dass of inhibitors due to their high activity in hydrosilylation reac- 
tions. 3.5-Dimethyl-1 -hexyn-3-o) is a particularly preferred inhbHor in the compositton of the present invention. Compo- 
sitions containing these inhibitors generally require heating at 70*C. or above Id cure at a practical rate. 
[0061 ] The concentration of platinum catalyst inhibitor in the present composition is suff ident to retard curing of the 

45 composition at ambient temperature without preventing or excessively prolonging cure at elevated temperatures. This 
concentratkxi will vary widely depending on the particular inhisitor used, the nature and concentratkm of the hydrosi- 
lylation catalyst and the nature of the organohydrogenpolysilosane. 

[0062] Inhbitor concentrations as low as one mole of inhbltor per mole of platinum group metal will in some 
instances yield a satistactory storage stability and cure rate. In other instances, inhbitor concentrations of up to 500 or 
50 more moles of inhibitor per mole of platinum group metal may be required. Qenerally, ttie inhibitor is present in an 
amount from 1 to 1 00 moles per mole of platinum group metal. The optimum concentration for a particular inhibitor in a 
given composition can be readily determined by routine experimentation. 

[0063] The composition of the present invention may further comprise an inorganic filler. Fillers suitable fw use in 
the composition of tiie present invention have a high radk)logk»l purity; low coeffident of thermal expansion; low levels 
55 of ionic impurities such as sodium, potassium, and chloride; and tow moisture content. Examples of prefen-ed fillers 
include fused siltea (fused quartz), alumina, boron nitride and aluminum nitride. Fused silka is a particulariy preferred 
filler in compositions used to encapsulate random access memory (RAM) devices, whkih are very sensitive to alpha 
partide emissions. 
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[0064] The average particle size of the filler is typically from 2 to 25 (uri and preferably from 2 to 1 0 urn. When the 
average particle size is less than 2 (im, the viscosity of the composition may be too high for use in conventional encap- 
sulation processes. When the average particle size is greater than 25 jim, the particles may be excluded by the com- 
paratively smaller dimensions of a semiconductor device. Also, the larger filler particles tend to settle in the composition 

5 rather than remaining in suspension. 

[0065] Although, the shape of the filler particles is not critical, particles having a spherical shape are preferred 
because they generally impart a smaller increase in viscosity to the composition than particles having other shapes. 
[0066] The concentration of filler in the present composition is typically from 1 0 to 300 parts by weight per 1 00 parts 
by weight of component (A). However, the flier should not be used in an amount that increases the viscosity of the com- 

10 position above 60 Pa • s at 25*C. prior to cure, the viscosity measured using a controlled stress viscometer at a sheer 
rate of 0.1 sec"^ . Above the specified viscosity, the composition is too viscous for practical use in conventional encap- 
sulation processes. It will be understood that as the concentration of the inorganic filler increases in the range from 10 
to 300 parts by weight per 100 parts by weight of component (A), it may be necessary to reduce the concentration of 
corr^nent (B) within the aforementioned range to achiei/e a processaWe composition. 

15 [0067] The composition of the instant invention is typically prepared by combining components (A) through (E) and. 
optionally a filler and/or inhibitor, in the stated proportions. Mixing can be accomplished by any of the techniques known 
in the art such as milling, blending, and stimng. either in a batch or continuous process. The particular device is deter- 
mined by the viscosity of the conponents and the final composition. Preferably, the hydrosilylation catalyst is added last 
at a tenperature below 30'C. to prevent premature curing of the composition and thus ensure adequate working time. 

20 [0068] AHernatively, the composition of the present invention can be a multi-part composition comprising compo- 
nents (A) through (E) in two or more parts. The multi-part composition can contain any number of parts, provided that 
neither the polydiorganosiloxane nor the organopdysitoxane resin are present with the organohydrogenpolysiloxane 
and hydrosilylation catalyst in the same part. In a typical method for preparing such a composition, a portion of the poly- 
diorganosiloxane, a portion of the organopolysiloxane resin, the adhesion promoter, the hydrosilylation catalyst, and 

25 any filler or additives are mixed together to produce Part A, and the remaining portions of the polydtorganosiloxane and 
resin, organohydrogenpolysiloxane and platinum catalyst inhibitor are mixed together to produce part B. Preferably, the 
components are packaged in such a manner that equal weight amounts of each package can be mixed to produce the 
one part composition of this inventton. 

[0069] The conpositions of the present inventkxi should be stored in sealed containers to pra^ent exposure to air 

30 and moistura The one part composition of the present invention may be stored at room temperature for several weeks 
without any change in the properties of the cured encapsulant product. However, the shelf life of the composition of this 
invention can be extended to several months by storing the mixtures at a temperature below O'C. and preferably from ■ 
30 to -20«C. Individual sealed packages of the multi-part compoation described above can be stored for over 6 months 
at ambient conditions without any detertoratfon in the performance of the composition produced upon their admixture. 

35 [0070] The composition of this invention can be cured by heating at temperatures of from 70 to 200»C.. preferably 
from 100 to ISO'C, for a suitable length of time. For example, the composition typically cures in one hour at ISO'C. 
[0071 ] In general, the compositton of the present invention can further comprise small amounts of additional ingre- 
dients typically used in the formulation of silicone compositkxis, such as antioxklants. pigments, stabilizers, and fillers, 
provided the ingredient does not adversely affect the physical properties of the cured product, partkajlarly the coefficient 

40 Of thermal expanston and the storage modulus. Carbon black is a preferred pigment m the present composition. 

[0072] The composition of the present invention is particularly useful as an encapsulant in chip scale packages. As 
used herein the term "chip scale" conforms to the definition proposed by the Electronic Industries Association and the 
Institute for Interconnecting and Packaging Electronic Circuits in standard J-Std-012, "Implementation of Flip Chip and 
Chip Scale Technology," January 1996. p. 1. Section 1.2 of the document defines chip scale technology as follows: 

45 "Chip scale technology is categorized as semiconductor chip structures that have been made robust to facilitate ease 
of chip handling, testing, and chip assembly. The chip scale technologies have common attributes of minimal size, no 
more than 1 .2X the area of the original die size, and are direct surface mountaWe." 

[0073] The chip scale package of the present inventton comprises a semiconductor chip, a supporting substrate, at 
least one member connecting the semkx)nductor chip to the substrate, and the silicone composition described above. 

50 There are no restricttons on the semiconductor chip emptoyed in the cNp scale package of the present invention. The 
supporting substrate can be substantially rigid, semi-rigid, a flexible. However, typically the supporting substrate is 
comprised of a flexible dielectric film. Preferably, the dielectrk: film is a polymeric material such as polyimide. The mem- 
ber connecting the chip to the substrate typically comprises wire leads and solder connections. 
[0074] Chip scale packages according to the present invention are ewmplified by, but not limited to, the flexible 

55 interposer type chip scale packages disclosed by T. Chung in "Updates on Woridwide Chip Scale Packaging (II)". U.S. 
Patents 5,659,952 and 5.663.106 disclose preferred chip scale packages, which include an encapsulation material. 
[0075] The following examples are pr^ented to further illustrate the composition of this invention, but are not to be 
consWered as limiting the invention, which is delineated in the appended claims. All parts and percentages reported in 
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the examples are by weight. The following methods and materials were employed in the examples: 
[0076] Cured silicone compositions having a thickness of 1 .9 mm were prepared by compression molding a curable 
conation between two Teflon-lined aluminum plates under a pressure of 10,000 Kg at room temperature for two min- 
utes. The plates were transfen-ed to a hot press and maintained under a pressure of 1 0.000 Kg at 1 50°C. forf ifteen nvn- 
utes. The plates were immediately removed from the hot press and placed in an oven at 1 50»C. for 1 hour. After allowing 
the plates to cool to room temperature, the cured composition was carefully removed from the die assembly 
[0077] The number-average molecular weight (M j of an aganopoiysUoxane resin were determined by gel penne- 
ation chromatogrqjy (QPC) using Varlan TSK 4000^500 columns at 35*C.. a chloroform mobile phase at 1 miymin 
and a refractive index detector. Narrow fractions of MQ resins ware used to calibrate the GPC equipment. 
[0078] The viscosity of a polymer or curable composition was determined using a Ffheometrics SR-5000 controUed- 
stress rheometer equipped with parallel plate test fixtures having a diameter of 25 mm. The thickness of the sample was 
1 mm and the instrument was operated in a steady sheer mode at 25 ± 1 'C. Stress was increased linearly form 0 to 100 
Pa over a period of five minutes, held at 100 Pa for 1 minute and then reduced linearly to zero during a five minute 
period. Themaximumviscosity of the composHton was measued at sheer rates of 0.1 sec"^ and 1 sec V 
[0079] The coefficient of thermal expanston of a cured composition was determined using a TA Instruments TMA 
2940 thermomechanical analyzer. A sample havmg a diameter of 8 mm and a thickness of 1 .9 mm was equilibrated at 
■1 SS-C. and thereafter the temperature was increased at a rated of 5'Cymin to 200'C. The ooefftoient of thermal expan- 
ston was calculated by dividing the secant to the temperature versus dimensional change cunn in the tenperature 
range from -50 to -40*0. by the sample thickness. 

[0080] The storage modulus (GO of a cured compositfon was determined using a Rheometrics Dynamic Analyzer 
RDA II. The instrument was operated in the torsfonal rectangular bar mode with a frequency of 10 radians/s. A sample 
having a length of 36 mm, width of 12.7 mm, and thickness of 1 .9 mm was held at -85*C. for twenty minutes and then 
increased at a rate of 3°C./min to 50«C. Storage moduli were measured at -65 and 20°C. 
[0081] The tensile strength and elongation of a cured sample were determined in accordance wfth ASTI^ D 412C 
using a Ittonsanto T2000 tensiometer quipped with a type C die. Tensile strength and efongation measurements were 
can-led out by taking the samples to ultimate failure. 

[0082] The hardness of a cured sample was measured using a Durometer Type A instmment Three cured sam- 
ples, each having a thickness of 1 .9 mm, were stacked vertically and the hardness of the top exposed surface was 

[0083] The peel adhesion of a cured composHton on a poiyimUe substrate ware measured using a Monsanto 
T2000 tensiometer. The curable composition was interposed between two square polyimide f ims, each having a thick- 
ness of 0.05 mm and width of 12.7 mm spaced 0.20 mm apart The laminate was cured in an oven at 150°C. for 1 hour 
and then allowed to coos to room temperature. The fbrce required to remove the polyimide films from the cured com- 
position was measured at a peel angle of 1 80* and a peel rate of 5. 1 cm per minute. The peel adhesion for one sample 
is an average of multiple readings taken during the course of one peel. The recorded values are the average peel adhe- 
sfon of three identically prepared samples. 

[0084] Polymer Blend: a mixture consisting of 75 percent by weight of a dimelhylvinylsiloxy-terminated polydimeth- 
ylsiloxane having an average DP of 830 and a viscosity of 55 Pa • s at 25<>C. and 25 percent by weight of a dimethylvi- 
nylsitoxy-terminatod polydimethylsilaxane having an average DP of 434 and a viscosity of 2 Pa • s at 25*C. 
[0085] Resin: an organopolysilaxane having a Mn of 2.500 and consisting of (CH3}2CH2-CHSiOi/2 sitoxane units. 
(CH3)3SiOi/2 sifoxane units and Si04a sUoxane units, wherein the mole ratto of she combination of 
(CH3)2CH2-CHSiOi/z units and (ChysSiOiffi units to SI0«2 units is 1.0. and the resin contains 6.0 mole percent of 
vinyl groups. 

[0066] Crosslinking Agent A: a trimethylsifoxy-terminated dimelhytsifoxane-methythydrogen&iloxane having an 
average of five mathylhydrogensiloxane units and three dimethylsitoxane units per molecule and a silicon-bonded 
hydrogen content of 0.7 to 0.8 percent by weight. 

[0087] Crosslinking Agent B: a trimethylsitaxy-tenninated polymethylhydrogensiknane having a silicon-bonded 

hydrogen content of 1 .4 to 1 .75 percent by weight and a viscosity of 0.22 to 0.04 Pa • s. 

[0068] Adheston Promoter: a Uend consisting of 43.5 percent by weight of a hydraxyl-terminated dimethylmethyl- 

vinylsiloxane containing 2.25 to 4 percent by weight of silicon-bonded hydroxy! groups and 275 percent by weight of 

vinyl groups, 50 percent by weight of glycKtoxypropyltrimelhQ)^ane. and 6.5 percent by weight of a reactton product 

of the hydroxyl-terminated pdymethyMnylsiloxane and glyckJoKypropyltrimethoxysilane. 

[0089] lnhbitor:3,5-dimethyl-1-hexyn-3-ol. 

[0090] Catalyst: a platinum complex of 1 ,3-diethenyt-1 ,1 ,3.3-tetramethyldisiloxane. 
[0091] Pigment: carbon black. 
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Example 1 

[0092] A silicone composition according to tine present invention was prepared by mixing 100 parts of Polymer 
Blend, 100 parts of Resin. 19.0 parts of Crosslinking Agent A. 2.2 parts of Crosslinking Agent B. 4.8 carls of Adhesion 
5 Promoter, 2.4 parte of Pigment and 0.2 parte of Inhibita. Catalyst (0.01 parte) was added to the mixture and stimng was 
continued for an additional 2 minutes. The viscosity of the composition is 18.1 Pa • s at a strain rate of 0.1 sec" and 
1 2.7 Pa • s at a strain rate of 1 .0 sec"^ . The physical properties or the cured composition are shown in Table 1 . 



[0093] A silicone corrposition was prepared using the method described in Example 1 and the following concentra- 
tions of cotT^wnente: 100 parts of Polymer Blend, 33.3 parte of Resin, 8.2 parte of Crosslinking Agent A, 0.95 parte of 
Crosslinking Agent B, 3.2 parte of Adhesion Promoter. 1.6 parte of Pigment, 0.16 parte of Inhibitor and 0.01 parts of 
Catalyst. The viscosity of the composition is 25.9 Pa • s at a sheer rate of 0.1 sec'^ and 20.3 Pa • s at a sheer rate of 1 .0 
sec The physical properties of the cured composition are shown in lU)le 1 . 



nomparatlvaExamrila2 

[0094] A silicone composition was prepared using the method described in Example 1 and the following concentra- 
20 tions of conponente: 100 parte of Polymer Blend, 66.7 parte of Resin, 13.6 parte of CroeslinWng Agent A, 1 .6 parte of 
Crosslinking Agent B, 4.0 parte of Adhesion Promoter, 2.0 parte of Pigment. 0.20 parte of InhWtor and 0.01 parte of 
Catalyst. The viscosity of the composition is 1 7.2 Pa • s at a sheer rate of 0.1 sec'^ and 1 2.9 Pa • s at a sheer rate of 1 .0 
sec-\ The physical properties of the cured composition are shown in "We 1. 



25 Comparative Example 3 

[0095] A silkxme composition absent Adhesion Promoter was prepared using the method described in Example 1 
and the following concentrations of componente: 100 parte of Polymer Blend. 100 parte of Resin. 15.1 parte of 
Crosslinking Agent A, 1.8 parte of Crosslinking Agent B, 2.4 parte of pigment. 0.24 parte of InhibHor. and 0.01 parte of 
30 Catalyst. Thevi8cosityofthecofflpo6itioni8l5.6Pa-8ata6heerrateof0.l6ec-i and l4.7Pa«sata8heerrateof 1.0 
sec'\ The physical properties of the cured composition are shown In Table 1. 



Example 2 

35 [0096] A silicone composition identical to the compositton in Example Ivww prepared, except 119 parte by weight 
of fused silica, having an average particle size of 4.5 ± 0.5 mfcrons. was added to the composition after admixing the 
inhibitor. The viscosity of the composition is 64.6 Pa • s at a sheer rate of 0.1 sec"^ and 27.0 Pa • s at a sheer rate of 1 .0 
sec The physical properties of the owed compositnn are shown in "We 1 . 



[0097] A silicone composition identical to the compositk)n in Example 2 was prepared, except the concentration of 
fused silica was 238 parte by weight. The viscosity of the composition is 379.3 Pa • s at a sheer rate of 0.1 sec'^ and 
91 .0 Pa • s at a sheer rate of 1.0 sec The physical properties of the cured composition are shown in Table 1. 



so 
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Durometer HsrdneGS (Shore A Scale) 
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Tensile Strength (MPa) 
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Elongation (%) 


69 
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91.8 


98.1 
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33.3 


203 


20 'C 


8.7 


20.4 


0.74 


2.6 


7.8 


36.3 


ISO" Peel Adhesion (N/m) 


149° 


121" 


897« 


658= 


79" 


103= 



CTE ' coefficient of thermal expansion, 
G' » storage modulus, 
a • adhesive failure, and 
0 - cohesive ialure. 



daims 

1 . A silicone composition cotrprising: 

(A) 100 parts t>y weight of a polydiorganosiloxane containing an average of at least two silicon-txinded alkenyl 
groups per molecule; 

(B) 75 to 150 parts by weight of an organopolysiloxane resin having a number-average molecular weight of 
from 2.000 to 5,000 and comprising R^aR^SiOia units and SiO^c units wherein each is independently 
selected from monovalent hydrocartMn and monovalent halogenated hydrocaiton groups free of aliphatic 
unsaturation, is selected from R^ and alkenyl groups, the molar ratio of R^gR^ SiO^,z units to 8104/2 "hits is 
from 0.6:1 to 1 .1 :1 , and the resin contains an average of from 2.5 to 7.5 molar percent of alkenyl groups; 

(C) an organohydrogenpolysilQxane having an average of at least three silicon-bonded hydrogen atoms per 
molecule in an amount to provide from one to three silicon-bonded hydrogen atoms per alkenyl group in com- 
ponents (A) and (B) combined; 

(D) an adhesion promoter in an amount to effect adhesion of ttie composition to a sitetrate; and 

(E) a hydrosilylation catalyst In an amount to cure the compositkxi. 

2. The coinpceilion according to claim 1 wherein the pdydlorganosikixane (A) comprises a mixture of a first polydk>r- 
ganosikixane having a viscosity of from 45 to 65 Pa • s at 25*C. and a second pdydlorganositoxane having a vis- 
cosity of from 1 .8 to 2.4 Pa • s at 25*C. 

3. The composition according to daim 1 or 2, wherein the adhesion promoter (0) comprises a mixture of (Q a polysi- 
loxane having an average of at least one silicon-bonded alkenyl group and an average of at least one silkx)n- 
bonded hydroxyl group per molecule and (ii) an epoxy-containing alkoxysilane. 

4. The compositkm according to claim 1 or 2, wherein the adheskxi promoter (D) is an organosilicon compound hav- 
ing the average formula: 
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"1 



OR' 



r 



iO 




wherein is a monovaleot hydrocarixm group free of aliphatic unsaturation, is an all<enyl group, x has a value 
of from 0 to 10, y has a value of from 0 to 10. z has a value of from 0 to 10. the sum y - z Is at least 1, and P has 
the formula: 



wherein R^^ is a covalent organic group. 

The composition according to any of claims 1 to 4. further comprising an Inorganic filler selected from alumina, 
txmn nitride, aluminum nitride and fused silica. 

The composition according to any of claims 1 and 3 to 5. wherein the polydiorganosiloxane A) has the general for- 
mula R2Ri2SiO{R^2SiO)nSiR^2R2 wherein each R^ is independently selected from monovalent hydrocarlson and 
monovalent haiogenated hydrocariion groups free of aliphatic unsaturation, R^ is alkenyl, and n has a value such 
that the viscosity of the polydiorganosiloxane is from 0.5 to 100 Pa • s at 25*C.; the organopolysiloxane resin (B) 
comprises (CH3)2CH2-CHSiOi/2 units. (CH3)3SiOiy2 units and SiO«2 units; the organohydrogenpolysiloxane (C) 



terminated polymethylhydrogensiloxane; and the hydrosilylation catalyst(E) is a platinum catalyst. 

A silicone elastomer obtained liy a curing reaction of the composition of any of claims 1 to 6. 

A silicone composition according to daim 1 in a multi-part container system where neither the polydiorganosilaxane 
nor the organopolysiloxane resin are present In the same part with the organohydrogenpolysilaxane and the 
hydrosilylation catalyst. 

A method for preparing a silicone composition comprising mixing: 

(A) 100 parts l)y weight of a polydiorganosiloxane containing an average of at least two silicon-tnnded alkenyl 
groups per molecule; 

(B) 75 to 150 parts t)y weight of an aganopolysiloxane resin having a number-average molecular weight of 
from 2.000 to 5.000 and comprising R^jR^SiOi/z unite and SiO«2 units wherein each is independently 
selected from monovalent hydrocarbon and monovalent haiogenated hydrocarbon groups free of aliphatk: 
unsaturation. R^ is selected from R^ and alkenyl groups, the molar ratto of R^sR^SiOi/z unHs to SiO«2 unHs is 
from 0.6:1 to 1 .1 :1 and the resin contains an average of from 2.5 to 7.5 molar percent of alkenyl groups; 

(C) an organohydrogenpolysiloxane having an average of at least three silicon-bonded hydrogen atoms per 
molecule in an amount to provide from one to three silkxm-bonded hydrogen atoms per alkenyl group in com- 
ponents (A) and (B) combined; 

(D) an adhesion promoter in an amount to ^fect adhesfon of the compositfon to a substrate; and 

(E) a hydrosilylaten catalyst in an amount to cure the composition. 





latrimethylslloxy- 
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